One of the challenges of this decade is to rationalize the consumption of global resources while increasing economic activity. Remanufacturing is an option to this challenge; however this end of life strategy must be optimized. The information collected from a franking machine manufacturer, which has set up a refurbishment activity of its machines, has allowed us to qualify remanufacturing as a home-made process in many cases. This paper focuses on aspects of product Architecture. The purpose of the approach proposed in this paper is to reorganize the classical architectures towards modular architectures allowing a much more industrialized remanufacturing.
INTRODUCTION
The environmental problems caused by the emergence of new markets and the fast development of the goods consumption require a rationalization of the world resources consumption while maintaining an economic activity increasing. To reach this objective, the remanufacturing is a process of restoring a discarded product (at the end of the lifetime) in an equivalent functional state to a new product. [1] [2] This definition constrained the architecture of the new product to take into account the operations relating to the remanufacturing defined by Steinhilper [3] or Sundin [4] such as dismantling, cleaning, the inspection, the sorting, the reconditioning and the reassembly. The modularization of the product is a way to allow the optimization of the operations related to the product end-of-life like the reutilisability, recycling, maintainability and the technological update [5] . In the literature, the modularization of the products forms part of the DfX approaches. "Design for Modularity" is an approach aiming at subdividing a system in smaller parts which can be created in an independent way and then used in various systems. In addition to the reduction of the costs, the modularity offers flexibility in the design (the addition of new technical solutions).
The goal of this paper is to propose to the designer potential Product Architectures (pPA) containing modules remanufacturables, recyclables and upgradable. Three levels of improvement of architecture are distinguished: (Optimization, improvement and innovation) correspondent with various evolutions of use: necessary functions, Short term upgradable functions and Long term upgradable functions).
This article is structured in the following way. In section 2, we introduce requirements of the remanufacturing on product architecture. In section 3, we define contours of the method. In section 4, we explain the operation of MGE tool. Section 5 examines validity of the approach with a case study. Finally section 6 concludes this study and positions the tool inside a more global methodology. The majority of these publications treat often one aspect of this very vast field. Many research works [12] , [13] , [14] relate to the means to set up to optimize the dismantling of the products for their valorization. Complexity increase with the number of components and time necessary for dismantling depends on many parameters (interconnection between the components, types of fixing, direction of dismantling, etc.)
PRODUCT ARCHITECTURES REQUIREMENTS FOR REMANUFACTURING

Design For Remanufacturing
The complete dismantling of a product quickly would be not easily justifiable from an economic point of view. In fact the remanufacturing must consider several criteria because, as Kara underlines it [15] , "full disassembly of product tends to be unproductive due to technical and cost constraint". Zuidwijk insists "a product recovery strategy determines the degree of disassembly of a product and the assignment of recovery options" [16] . For him four options of valorization coexist: It will be noted that the option which would privilege an optimized dismantling of the product to re-use modules having an addedvalue is not mentioned. In 2002, Lambert introduces the concept of incomplete dismantling [13] justified by certain technical constraints: irreversible connections, economic constraints (since the costs of dismantling are inversely proportional to the profit generated by the re-use of the components extracted). By using CAD software, it is possible to determine if the disassembling of a part is blocked by another.
Design For Modularity
A new field emerges in answer to the need to carry out an intelligent and advantageous dismantling: "Design for Modularity". The modularization of the products is the first step towards a sustainable design [17] . The modular products make it possible to improve valorization of materials by differentiating the modules which are potentially recyclable and which are not recoverable [18] .
The design of the future products will have to take into account the definition of the modules and Product Architecture. Today most of product on the market does not have a clearly defined module. So the evaluation of the end-of-life scenarios is more complicated. In the products having a high number of components, sub-units can be defined as functional group of the product (example of the washing machine [18]).
A modular decomposition is a means to optimize dismantling and to make more profits on the economic and environmental aspects. The remanufacturing makes it possible to re-use products or modules on several cycles according to the requirements of the consumer or the market evolution (update of the computers) [17] . Tomiyama [19] proposes the concept of "Post Mass Paradigm Production" to reduce the consumption of the natural resources as well as the production of waste by maintaining the standard of living or by improving it.
The satisfaction of this new model passes by an increase of the modules lifespan but the consequences are the functional obsolescence of the product. The increase of product lifetime as well as the limitation of obsolescence requires to establish a strategy adapted to the value of product (repair, update, re-use, etc.) : "Longer-life products should have functional upgradability besides reliability and fault-tolerance" [20] [5].
In the literature the benefits of the adoption of a modular approach in the product life cycle are less discussed. The product is not any more the result of a material assembly and a manufacturing process but a sum of inter-connected modules playing the role of central unit in the product modeling [21] . Thus in the model developed by Gehin [9] the product is composed of modules following the strategies of valorization on several cycles of use. Its approach allows an environmental evaluation of the product from these modules but by considering the operational costs on several cycles (supply chain, refurbishing…).
Kimura [18] and Umeda [5] propose methods to design modular product depending on modules characteristics as life cycle options and geometrical information. Considering the product life cycle, the components which undergo the same life cycle should be gathered in a module. These modules can then undergo refurbishing and recycling processes without disassembling. Then, the management of the components throughout the life cycle is optimized and to the environmental impact and the costs of logistics and recovery are reduced. According to established criteria, impacting on the life cycle of the product, various modules can be defined. The result of modular grouping is a variety of product architectures.
It is the choice among this variety which poses problem; selected architecture must answer to impact reduction and costs controls requirements while the technical criteria are satisfied.
METHOD TO DEFINE POTENTIAL PRODUCT ARCHITECTURE OF REMANUFACTURABLE SYSTEM
The general principles of the methods
The general principles of our approach relate to the definition of Product Architecture concept, the integration of new uses/upgradability, the calculation of the environmental/economic evaluation and the concept of affinity.
What is the definition of product architecture?
"Product architecture is the scheme by which the function of a product is allocated to physical components" [22] "Each level in the product hierarchy has its architecture. Depending on the type of components, we speak about a functional, technology or physical architecture" [23] "The Product architecture is « a comprehensive description of a bundle of product characteristics, including number and type of components and number and type of interface of those components" [24] By convention, we define Product Architecture as:
Current Product Architecture = ∑ Current Module i
With Current Module = ∑ Component j.
In the current product, the modules defined are "virtual" and depend on the function fulfilled.
Architecture Nouveau Produit = ∑ Module Actuel i -∑ Composant j + ∑ Nouveau Composant k
The goal of the methodology is to suggest a more evolutive Product Architectures and taking account of new uses, new technologies, the new regulations… 
Integration of new usages associated with new functionalities -Upgradability
Economic and environmental assessment
Environmental evaluation: The Environmental Impact (EI) uses to evaluate the modules corresponds to the Extraction/Manufacture Impact.
Economic evaluation: The economic Costs (C) taking into account are the price of the modules.
Concept of affinity
Affinity is a Potential of interaction between two modules (or submodules) according to certain criteria.
According to the literature to improve modular architecture of a product it is necessary to gather modules (or components).
"Considering a whole life cycle of a product, components that undergo the same life cycle processes should be grouped into one module for improving, e.g., disassemblability, maintainability, upgradability, reusability, and recyclability" [5]
Types of grouping proposed in the paper:
 Grouping between modules recyclables  Grouping between modules remanufacturables
 Grouping between modules upgradables
End of Life Management -Reuse and Remanufacturing
